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Terms

(from EPA Committee on Valuation of Ecological Systems and Services)

• Ecosystem services: Those ecological characteristics,
functions or processes that directly or indirectly contribute to the
well-being of human populations or have the potential to do so
in the future
• Value: This term is used broadly to include contributions to
human well-being and goals or ends, such as social and civil
norms (including rights) and moral, religious, and spiritual
beliefs and commitments.
• Benefits: The value of the contribution to human well-being
• Valuation: The process of measuring the value or the change
in value in terms of contribution to a specified goal (e.g. Human
well-being, biodiversity conservation)
• Valuation methods: A methodology, based on theory and
data, for measuring the value of or the value of a change in
terms of the contribution to a specified goal.
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Ecosystem services are the benefits humans
derive from ecosystem functioning
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Ecosystem Services
• Coral reefs and mangroves provide benefits under all four
categories:
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Ecosystem Condition – What drives it?
Drivers of condition
Ecosystem condition drivers include biophysical elements and
processes, and socioeconomic factors (e.g. market prices;
profitability; as well as aesthetic, recreational and cultural
values). Socioeconomic factors are recognised to be drivers of
ecosystem condition since they affect the behaviour of
individuals and communities, but their role as condition drivers
is not considered in this assessment.
The condition of a natural ecosystem can be considered a function of:
• Resilience;
• Use intensity; and
• The number of active condition degradation drivers over time
• The drivers of condition are all interlinked and may in turn impact on each
other.
Natural ecosystem condition = ecosystem resilience (related to landscape or biophysical setting)
Natural resource use intensity x no. of entrained degradation drivers x time
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Drivers of condition - Geographic
• Ecosystem characteristics climate, topography, soil
properties and vegetation type are important determinants of
resilience to impacts of resource
use. They affect the extent to
which condition drivers such as
erosion and landscape water
balance can act under different
land use patterns.
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Drivers of condition – Land-use
• Intensity of land use determines the potential for impacts on
ecosystem condition.
• Intensity ranges from maintenance of essentially natural ecosystems
to the complete alteration of land surfaces and ecosystem biophysical
processes.
• Land uses
• Nature conservation
• Other protected areas and indigenous use
• Minimal use
• Livestock grazing
• Dryland agriculture
• Forestry
• Irrigated agriculture
• Built environment
• Water bodies
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Values of wetlands
• Different people value
different aspects of wetlands
differently.
• The majority of work
undertaken within wetlands
relates to ecological health or
condition.
• Information about the value
of wetlands as natural capital
assets and ecosystem
services they provide is
important because it tells us
about the economic impact
of various planning and
management decisions.
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Economic value of wetlands
There are 2 distinct forms of capital assets associated with
wetlands.
• 1st – the natural capital of the wetlands themselves which
are comprised of a number of ecosystems providing
services such as habitat, spawning and nursery areas for
fish, habitat and breeding area for birds and native animals,
nutrient cycling and water filtration.
• The quality of natural capital provided by wetlands is
dependent on the maintenance of ecological health where
modification by human development does not degrade the
natural capital.
• 2nd form of capital is human made capital assets located
within proximity to the wetlands that take advantage of the
natural assets provided by the wetlands, examples include:
protected shoreline for industrial and urban development,
tourist activities.
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Economic value of wetlands/estuaries
• The natural capital provided by ecosystems within
estuaries include wetland areas encompassing
tidal forests (mangroves) and tidal marshes,
Melaleuca swamps and floodplains, tidal
mudflats, seagrass and algal beds, sandy
beaches, rocky shores and the estuary floor.
• All of these ecosystems provides goods and
services: some of which are directly or physically
used by people, for example fisheries and
recreational activities, and others that are
indirectly used, e.g. for nutrient cycling.
• In addition, there are number of ecosystem
services that are valuable for their non-use
benefits. These include existence value, option
value, bequest value and vicarious value.
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Economic value of wetlands/estuaries
• Attempts have been
made to estimate an
economic value of the
world’s ecosystem
goods and services
provided by natural
capital (Costanza et al,
1997), as well as the
value of coastal
wetlands in the United
States (Costanza et al,
2008).
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Economic value of wetlands/estuaries
• A loss of 1 ha of wetlands in the model corresponded to an
average $33,000 (median = $5000) increase in storm damage
from specific storms (Costanza et al, 2008).
• Taking into account the annual probability of hits by hurricanes of
varying intensities, the annual value of coastal wetlands ranged
from $250 to $51,000/ha/yr, with a mean of $8,240/ha/yr (median
$3,230/ha/yr)
• Coastal wetlands in the US were estimated to currently provide
$23.2 Billion/yr in storm protection services
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Our study
• Building on previous work by Costanza et al
2008, we examined the economic value of
wetlands in Australia and their role for cyclone
protection and storm surges.
• Study area: Northern Australia, coastal (100km
from coast) – wetlands, estuaries, coastal
waterways etc
• Case study example: Cyclone Larry (2006),
Innisfail region
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Background – Australian estuaries
Australia, as an island nation, has a coastline that plays a crucial
role in the economy, environment, and lifestyle of the vast
majority of Australians.
• An estuary was broadly described as a semi-enclosed coastal
water body where:
• Salt from the open seas mixes with freshwater draining from the
land; or
• Marine and fluvial sediments occurs together

• The Australian continent has approx. 1000 estuaries with unique
shapes and sizes, and combinations of human and natural
pressures.
• Estuaries are also known as harbours, bays, sounds, marshes,
wetlands, inlets, coastal lakes, deltas and lagoons.
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Values of estuaries and coastal waterways
• Traditionally, Australians place a high value on coastal
environments, such as estuaries and coastal waterways, as areas
for living, working, and recreation (Bohnet and Pert in press).
• Estuarine environments have been ranked among Australia’s
most valuable natural resources (Smith et al. 2001).
• They are sources of economic and social well being, and the
provide substantial environmental amenity (Costanza et al. 1997).
In economic terms, estuaries and coastal waterways provide:
•
•
•
•
•

Sheltered deep water access for ports;
Shorelines for urban and industrial development;
Sites for effluent disposal and recycling;
Fisheries and aquaculture; and
Sites for tourism and recreation
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Environmental values of estuaries and coastal
waterways
• Estuaries and coastal waterways also remain shelters for a
wealth of ecological communities and provide numerous
environmental functions, such as:
Salt-tolerant vegetation communities;
Shelter, breeding grounds, and ‘nursery’ habitat for many marine,
estuarine and terrestrial species;
Sediment trapping and “buffering” between coastal subcatchments
and the marine environment (Harries et al. 2003);
Storing and cycling of nutrients;
Absorbing, trapping and detoxifying pollutants (Birch, 2000)

• The maintenance of both human interests ad natural resource
capital in coastal waterways depends largely on the ecosystem
‘function’, or ‘ecosystem services’.
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Background - Climate zones of Australia

The different climatic zones of northern Australia produce a diverse array of
wetlands that differ greatly in their hydrology.
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Geomorphic classification of Australian
coastal waterways

TC = Tidal creek
WDD = Wave-dominated estuary
TDE = Tide-dominated estuary
TDD = Tide-dominated delta
EMB – Embayment (Wave- or Tide- Dominated)
CL/SP = Coastal lagoon/Strandplain
CSIRO. Linkages between
tween geomorphic classes and climate zones

Linkages between geomorphic classes and
climate zones
Geomorphic
Regions (after

Coastal
Climatic Zone

Harris et al. 2002)

(after Heggie et al.,
1999)

Northeast
Coast

Type of
coast

Summer
runoff

Winter
runoff

Most
abundant
waterway
classes

Moist Tropical,
Moist Temperate

Tidedominated

High
(Monsoon)

Low (Arid)

TC (41%)
WDD (17%)
TDD (16%)

Northwest
Coast

Moist Tropical,
Semi-Arid, Arid

Tidedominated

High
(Monsoon)

Low (Arid)

TC (50%)
TDE (27%)
EMB (10%)

Gulf of
Carpentaria

Wet/Dry Tropical Mixed

High
(Monsoon)

Low (Arid)

TC (48%)
TDD (17%)
CL/SP (14%)

TC = Tidal creek
WDD = Wave-dominated estuary
TDE = Tide-dominated estuary
TDD = Tide-dominated delta
EMB – Embayment (Wave- or Tide- Dominated)
CL/SP = Coastal lagoon/Strandplain
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Linkages between geomorphic classes and
climate zones
• In order to account for
seasonality and climatic
variation, both positive
(freshwater-dominated)
and
negative (evaporationdominated)
hydrodynamic examples
of tide- and wavedominated estuaries
have been developed.
• The distribution of these
climatic zones around
the coastline of Australia
is depicted here.
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CYCLONES - definitions
• Definitions and categories
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History of cyclones in Australia (1906 – 2006)
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History of cyclones in Australia, Innisfail region
(case study area)
• Since the 1870s, 22 cyclones have
impacted the Innisfail region causing
damage from severe wind, storm surge,
estuarine flooding or a combination of
these hazards (Callaghan, 2004).
• Tropical Cyclone Larry impacted the coast
at both high lateral speed and at low tide,
causing only wind-related damage.
• From the analysis of impacts to simple
structures (such as road signs), maximum
wind gust speeds at a height of 10 metres
were in the order of 55-65 m/s (~200-235
km/hr), compared to 50-55 m/s (~180-200
km/hr) reached in Tropical Cyclone
Winifred, which hit the region in Feb 1986
(Reardon et al. 1986).
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History of cyclones in Australia, Innisfail region
(case study area)
• Location of case study
area
• Path of Cyclone Larry,
2006
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Impacts of Cyclone Larry (Innisfail region)
• Impact on critical structure
• Impact on buildings
Damage Index (physical)

Damage Index (cost) %

1

Negligible

0

2

Missile to cladding/window

20

3

Loss of half roof sheeting

50

4

Loss of all roofing

70

5

Loss of roof structure

90

6

Loss of half of outer walls

100

7

Loss of all walls

100

8

Loss of half floor

100

9

Loss of all floor

100

10

Collapse of floor supporting piers

100
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Impacts of Cyclone Larry (Innisfail region)
• This figure shows an example of the spatial analysis conducted for
This figure displays the results as a population percentage (e.g. 25% indicates
the community at Kurrimine Beach (30k SSE of Innisfail).

a damage level equal to 25% of the values of structures in the local population.
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Photos of impacts
• Impact on critical structure
• Impact on buildings
• Impact on primary industry
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Impacts of Cyclone Larry (Innisfail region)
• Impact on primary industry
• From Tully in the south to sections of the tablelands in the north
and as far west as Herberton, wind-related damage to crops
was extensive.
• Banana plantations within a 40-50 km radius of the cyclone
path were destroyed.
• Sugarcane crops, which were well advanced for the mid-year
harvest, were damaged. The Babinda sugar mill suffered
damage to its gas bin and cooling tower. The Mourilyan mill
suffered some structural damage, particularly to a boiler
chimney stack. Cane trails derailed.
• Also damaged were papaya plantations are many other
horticultural crops.
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Cyclone Larry (2006) summary of damage
Location

Damage

Mareeba / Eacham / Millaa Millaa

93 damaged properties

Babinda

80% of buildings damaged

Flying Fish Point

15% of homes damaged

Innisfail

50% of homes damaged
35% of private industry damaged
25% of Government buildings damaged
(schools etc)

Etty Bay

40% of homes suffered roof damage

East Palmerston

70% of homes damaged

Silkwood

worst affected location
99% of homes lost roofs or suffered
structural damage

Kurrimine Beach

30% of homes damaged
15% of private industry damaged

El Arish

30% of homes damaged
50% of private industry damaged

Bingil Bay

30% of homes damaged

Mission Beach

30% of homes damaged
20% of private industry damaged
45% of caravan park damaged

South Mission Beach

20% of homes damaged
20% of private industry damaged

Jappoonvale

Possible tornado damage
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Cyclone Larry (2006) side effects
• Road and rail access to the
region was also disrupted for
several days due to flooding. In
the northwest of the state,
heavy rainfall from ex-Tropical
Cyclone Larry caused several
townships to be isolated for
several days due to flooding.
Food drops were required.
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Proposed Methodology
•
•
•
•

We propose to analyse all available cyclones in northern Australia
Intersect with wetlands, low lying properties (slope < 1 degrees)
Examine economic cost data within swath area
Data sets available: wetlands, cyclone tracks/swaths, economic
damage, GDP, population (night-time light series data)
• Methods: Variables required: calculation of swath, population in
swath, GDP in swath, wetlands (type) in swath, total damage ($AUD),
max wind speed. Value of coastal wetlands for cyclone protection:

(TDi / GDPi)

1n( gi)

1

Where:
Tdi = total damages from storm i (in constant 2006 $AUD).
GDPi = Gross Domestic Product in the swath of storm
Gi = maxim wind speed of storm 9in m/sec)
Wi = area of wetlands in the storm swath (ha)
Ui = error
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2

ln(wi) ui

Application of results - Mangement response
Pressure State
Response
Framework
Through
understanding:
• The current condition
of a wetland/estuary;
• The uses or
pressures on it; and
• Community
expectations
an assessment can be
made of the
response or
management actions.
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Pressure and State guide appropriate
Response

Conclusion – Where to from here?
• The buffering capacity of wetland ecosystems is a balance between
their resilience and their vulnerability, with many factors involved.
• The lessons learnt in terms of loss of life, damage sustained, and
approaches to reconstruction and mitigation are critically relevant to
future management of the coast and its wetlands in a context of
increasing severe weather events (and climate change).
• More than ever, it is essential to consider the full value of
‘ecosystem services’ when making decisions about coastal
development.
• Ecosystems that can no longer provide their full ecological services
have a social and economic cost that can felt locally as well as
kilometres away.
• Solutions: Promotion of the value of coastal wetlands, waterways
and estuaries to NRM managers
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Thank you – Any questions?
CSIRO Tropical and Arid Systems Program
Dr Petina Pert
Spatial Ecologist
Phone: +61 7 4059 5006
Email: petina.pert@csiro.au
Web: www.csiro.au/cse

Contact Us
Phone: 1300 363 400 or +61 3 9545 2176
Email: enquiries@csiro.au Web: www.csiro.au

